In the summer of 2006 we measured the effect of a natural prolonged heat spell on photosynthesis of aspen and birch trees growing in Free Air Carbon dioxide Enrichment (FACE)
Increasing atmospheric greenhouse gases have led to increasing atmospheric temperatures (global warming). High temperatures are reported to decrease carbon assimilation rate in a number of different tree species [1] [2] [3] . High temperatures are also known to induce the production of isoprene in isoprene-producing trees 4, 5 and isoprene is thought to protect trees from heat stress by increasing their thermotolerance [6] [7] [8] . Elevated CO 2 has been reported to ameliorate the adverse effects of high temperatures in different deciduous plant species 9-10 .
In the summer of 2006 we measured the effect of a natural prolonged heat spell on photosynthesis of aspen and birch trees growing in Free Air Carbon dioxide Enrichment (FACE)
rings. Since aspen and birch occupy similar ecological niches but only aspen emits appreciable quantities of isoprene, we were able to observe the protective effects of CO 2 and isoprene on tree photosynthesis under nearly natural conditions.
There was no evidence of heat stress in both aspen and birch at temperature range of 32-35 o C, but at 36-39 o C birch trees showed visible symptoms of heat stress through yellowing of leaves and leaf shedding (Fig. 1) , and invisible symptoms through decreased V cmax , TPU, J and g s ( Fig. 2 and Table 1 ). Aspen did not show visible evidence of heat stress but rather showed significant increase in V cmax and R d and a significant decrease in g s (Table 1) . Increasing leaf temperature to 40-41 o C resulted in decreased photosynthetic rate in aspen (Figure 2e and 1f) , but in birch, photosynthetic activity was completely shut down.
The significant increase in V cmax and no significant change in J and TPU at the leaf temperature in the range of 36-39 o C in aspen is evidence of increased thermotolerance in aspen.
We believe this is due to isoprene emission which has been shown to increase plant thermotolerance 6-8, 11, 12 . Behnke et al. 13 We conclude that, in the face of rising atmospheric CO 2 and temperature (global warming), trees will benefit from elevated CO 2 through increased thermotolerance while isoprene emitting trees will have added protection from heat stress. The physiological cost of isoprene emission to the plant will be outweighed by the gain in thermotolerance. The increased isoprene emission resulting from the higher temperatures and shifts in species composition toward isoprene emitting plants could have negative consequences for atmospheric chemistry as isoprene and isoprene nitrate have been found to be among the volatile organic compounds (VOCs) that play a key role in photochemical (tropospheric ozone) formation 16, 17 . A shift in species composition towards isoprene emitters has also been proposed related to enhanced ozone tolerance of isoprene emitting species 18 .
Methods Summary
The experiment was carried out at the Aspen FACE site in Rhinelander, WI, USA 14.7 ± 0.6a* 9.4 7.7 ± 2.8 5.1 ± 0.8a 1.0 R d Ambient 2.0 ± 0.6 3.6 ± 0.8b* 0.9 1.2 ± 0.6b 1.6 ± 0.6 0.2 Elevated CO 2 2.5 ± 0.9 5.9 ± 0.9a* 0.3 3.2 ± 0.6a 2.8 ± 0.5 0.7
Statistically significant treatment differences (in the same temperature group) are denoted with different letter after the value and significant differences due to high temperature (in different temperature groups but the same treatment) are denoted with the symbol (*). Alpha level used is 0.1. Values presented under temperature range of 40-41 are one time measurement as this temperature range was captured only once during the measurement period and hence no standard errors are presented. 
